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I .  In t roduct ion  

The purpose of t h i s  p r o j e c t  is t o  design and e v a l u a t e  speech processors  

f o r  a u d i t o r y  prostheses .  I d e a l l y ,  t h e  processors  w i l l  extract  (or preserve)  

from s p e e c h  t h o s e  p a r a m e t e r s  t h a t  a re  e s s e n t i a l  f o r  i n t e l l i g i b i l i t y  and  

then a p p r o p r i a t e l y  encode these  parameters f o r  e l e c t r i c a l  s t i m u l a t i o n  of the 
a u d i t o r y  n e r v e .  Work i n  t h e  p r e s e n t  q u a r t e r  was a c o n t i n u a t i o n  of o u r  

prev ious  e f f o r t s  t o  deve lop  speech processors  f o r  aud i to ry  pros theses  under 

NIH contract NOl-NS-2356. The major a c t i v i t i e s  of t h i s  f i r s t  q u a r t e r  of t h e  

new contract (N01-NS-5-2396) included t h e  fo l lowing:  

1. T a s k s  r e l a t e d  t o  o u r  f i r s t  i m p l a n t  o p e r a t i o n  a t  Duke U n i v e r s i t y  

Medical Center (DUMC) on October 24; 

2. Subsequent t e s t i n g  of t h i s  implant  p a t i e n t ,  who was f i t t e d  with a 
p e r c u t a n e o u s  c a b l e  f o r  e x t e n s i v e  p s y c h o p h y s i c a l  and speech-  

percept ion  s t u d i e s ;  

3. Development  and  t e s t i n g  of new computer  programs t o  s u p p o r t  and  

extend such s t u d i e s ;  and 

4 .  Presen ta t ion  of p r o j e c t  r e s u l t s  a t  t h e  Neural P ros thes i s  Workshoe, 

t h e  8 t h  annual  IEEE-EMBS Meeting, t h e  annual ACEMB Meetinq, and a t  
Surg ica l  Grand Rounds, DUMC. 

In t h i s  r e p o r t  we w i l l  o u t l i n e  t h e  psychophysical and speech-perception 

tests conducted with t h i s  f i r s t  p a t i e n t  (SG) a t  DUMC and desc r ibe  s e v e r a l  of 

t h e  ma jo r  f i n d i n g s .  I n  g e n e r a l ,  t h e  r e s u l t s  from t h e  s p e e c h - p e r c e p t i o n  

tes ts  were d i s a p p o i n t i n g  b u t  c o n s i s t e n t  w i t h  S G ' s  i n a b i l i t y  to ( a )  

d i sc r imina te  loudness-balanced s t i m u l i  d e l i v e r e d  t o  d i f f e r e n t  channels  i n  

he r  e l e c t r o d e  a r r a y  o r  (b)  d i sc r imina te  large changes i n  t h e  frequencies  of 

s i n u s o i d a l  and  p u l s a t i l e  s t i m u l i  d e l i v e r e d  t o  s i n g l e  c h a n n e l s  i n  h e r  

e l e c t r o d e  a r ray .  Although SG's  onse t  of deafness  a t  age 5 was p o s t l i n g u a l ,  

she had no r e c o l l e c t i o n  of sound and could  not  rank he r  e l e c t r i c a l l y - e v o k e d  

percepts  a l o n g  normal aud i to ry  dimensions of p i t c h  o r  s h a r p n e s s / d u l  l n e s s .  

We now b e l i e v e ,  f o r  r e a s o n s  s t a t e d  e l s e w h e r e  i n  t h i s  r e p o r t ,  t h a t  even 
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though SG's onse t  of deafness  was p o s t l i n g u a l ,  t he  normai maturat ion of he r  

c e n t r a l  a u d i t o r y  system way h a v e  been i n t e r r u p t e d  a t  a c r i t i c a l  stage. A 

compromised c e n t r a l  system is c e r t a i n l y  c o n s i s t e n t  w i t h  SG's i n a b i l i t y  t o  
p e r c e i v e  w e 1  1 - r e p r e s e n t e d  p e r i p h e r a l  s t i m u l i  as  sound. If t h i s  idea of 

c e n t r a l  d y s f u n c t i o n  i s  c o r r e c t ,  t h e n  r e s u l t s  from SG's case may p r o v i d e  

important new i n s i g h t s  on t h e  t iming of cochlear  implants  i n  c h i l d r e n  and on 
t h e  l i k e l y  s ign i f i cance  of t h e  "cr i t ical  period" f o r  aud i to ry  input.  

/ 
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11. Descript ion of t he  P a t i e n t  

As ment ioned  i n  t h e  I n t r o d u c t i o n ,  SG l o s t  h e r  h e a r i n g  a t  age 5. The 

c a u s e  of d e a f n e s s  was m e n i n g i t i s .  She was 19 a t  t h e  time of t h e  f i r s t  

i m p l a n t  o p e r a t i o n  t o  i n s t a l  1 h e r  e l e c t r o d e  array and percutaneous cab le .  

When t h e  round window and basal por t ion  of t h e  s c a l a  tympani were opened for 
i n s e r t i o n  of t h e  e l e c t r o d e  a r ray ,  many f i n e  bony s p i c u l a e  were o b s e r v e d ,  

c o n s i s t e n t  w i t h  SG's e t i o l o g y  of  m e n i n g i t i s .  T h e s e  s t r u c t u r e s  d i d  n o t  

impede i n s e r t i o n  of t h e  e lec t rode  a r r ay ;  n o r  d i d  t h e y  appear on CT s c a n s  

performed p r i o r  t o  t h e  surgery.  The e l e c t r o d e  array was f u l l y  i n s e r t e d  t o  a 

d e p t h  of a p p r o x i m a t e l y  25 rnm, and t h e  e l e c t r i c a l  impedances of e a c h  

e l e c t r o d e  p a i r  and each s i n g l e  e l e c t r o d e  were measured. A l l  impedances f e l l  

wi th in  t h e  normal ranges fo r  b i p o l a r  and monopolar configurat ions.  Recovery 

from t h e  surgery w a s  uneven t fu l ,  and t e s t i n g  with the  percutaneous c a b l e  was 

begun after a two-week per iod f o r  hea l ing .  
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111. Out l ine  of Psychophysical Tests and Brief 

Summary of P r inc ipa l  Findings 

An i n t e n s i v e  series of tests was conducted with p a t i e n t  SG dur ing  t h e  

months o f  November and December, 1985. A c o m p l e t e  l o g  of t h e s e  tests is 

p r e s e n t e d  i n  Appendix 2. B r i e f l y ,  t h e  p s y c h o p h y s i c a l  tes ts  i n c l u d e d  

measures of t h e  following: 

1. T h r e s h o l d s  f o r  a wide range of s t i m u l i  and e l e c t r o d e  c o u p l i n g  

conf igura t ions .  The s t i m u l i  were (a) charge-balanced biphasic '  and 

"monophasic" p u l s e s  (where charge ba lanc ing  for "nonophaslc" p u l s e s  

was a c h i e v e d  by h i g h - p a s s  f i l t e r i n g )  w i t h  d u r a t i o n s  of 0.1, 0.2, 

0.3, 0 . 5 ,  1.0, 2.0, 4.0 and 8.0 msec/phase; (b )  b u r s t s  of  s i n u s o i d s  

with a b u r s t  dura t ion  of 200 msec, r i s e / f a l l  times of 5.0 msec, and 

s inuso ida l  f requencies  of 62.5, 125, 250, 500, 1000, 2000 and 4000 

Hz; (c)  continuous s inuso ids  a t  100, 400, 1000 and 4000 Hz; and (d) 

s i n g l e - c y c l e  s inuso ids ,  300 nicrosec/phase,  presented a t  t h e  rate 

a f  10 Hz. Thresholds  were obtained f o r  a l l  t hese  s t i m u l i  f o r  a l l  

r a d i a l  b i p o l a r  p a i r s  of  t h e  e l e c t r o d e  a r r a y ,  and for s e l e c t e d  

s t i m u l i  f o r  a l l  monopolar  e l e c t r o d e s  ( r e f e r e n c e d  t o  a remote 

e l e c t r o d e  d i s t a n t  from t h e  cochlea) :  

2. Maximum comfortable  loudnesses (MCLs)  f o r  most of t h e  s t i m u l i  and 

coupl ing conf igu ra t ions  l i s t e d  i n  po in t  1 above; 

3. Channel  i n t e r a c t i o n s ,  a s  de te rmined  by a loudness-summation 

paradigm i n  which l o u d n e s s e s  were measured and  compared f o r  i n -  

phase and out-of -phase pul  ses de  1 i vered simu 1 taneous 1 y t o  t h e  two 

c h a n n e l s  unde r  s t u d y  (a large d i f f e r e n c e  i n  l o u d n e s s e s  between 

p h a s e - r e v e r s a l  c o n d i t i o n s  i n d i c a t e d  s u b s t a n t i a l  i n t e r a c t i o n  

between channels) .  The p u l s e s  used were charge-balanced b iphas ic  

and  "monophasic" p u l s e s ,  300 n i c r o s e c / p h a s e .  A 1  1 c h a n n e l  

cowbinatlons were s tud ied ;  
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4 .  Temporal channel i n t e r a c t i o n s ,  as determined by a modif icat ion of 
t h e  procedure ind ica t ed  i n  po in t  3 above, i n  which loudnesses  were 

compared f o r  in -phase  b i p h a s i c  and "monophasic" p u l s e s  d e l i v e r e d  

s imul taneous ly  and with r e l a t i v e  d e l a y s  to t h e  two channels  under 
s tudy  ("tempora 1 re1 ease from channel i n t e rac t ions"  was indicated 

by t h e  r e l a t i v e  d e l a y  a t  which s t a b l e  l o u d n e s s  r e p o r t s  were 
obtained f o r  t h a t  d e l a y  and greater de lays) .  The p u l s e s  used were 
c h a r g e - b a l a n c e d  b i p h a s i c  and "monophasic" p u l s e s .  300 microsec/ 
phase. A l l  channel combinations were s tudied :  

5 .  Temporal  i n t e p r a t i o n ,  b o t h  w i t h i n  a n d  a c r o s s  c h a n n e l s ,  a s  

d e t e r m i n e d  by t h e  t h r e s h o j d s  of p a i r s  of  p u l s e s ,  where t h e  t i m e  

between p u l s e s  was v a i r e d  between 0 .0  and  8.0 msec ( t h e  time 

between p u l s e s  a t  which t h r e s h o l d  began t o  d e c l i n e  m o s t - l i k e l y  

r e f l e c t e d  t h e  t ime c o n s t a n t s  of t e m p o r a l  i n t e g r a t i o n  a t  t h e  

membranes of s t i m u l a t e d  n e u r o n s  i n  t h e  e x c i t a t i o n  f i e l d ) .  The 

p u l s e s  used were charge-balanced b iphas ic  and "monophasic" pu l ses ,  

300 microsec/phase. A l t e r n a t e  b i p o l a r  p a i r s  of t h e  e l e c t r o d e  a r r a y  

were inc luded  i n  t h e  s t u d i e s  of temporal i n t e g r a t i o n ;  

6. Compensation of temporal i n t e p r a t i o n  and ternDora1 channel in te rac-  

-' t i o n s  as determined with t h e  procedure o u t l i n e d  i n  po in t  5 above, 

e x c e p t  t h a t  t h e  s t i m u l i  were h igh -pass  f i l t e r e d  a t  100, 2 0 0 ,  400 

and  800 Hz,  t o  "compensate"  f o r  t h e  low-pass  c h a r a c t e r i s t i c  of 

p a s s i v e  i n t e g r a t i o n  a t  n e u r a l  membranes ( d e c r e a s e s  in the 
d i f f e r e n c e s  between t h r e s h o l d s  a t  l o n g  p u l s e  s e p a r a t i o n s  and at 
s h o r t  p u l s e  s e p a r a t i o n s  i n d i c a t e d  t h e  d e g r e e  of compensa t ion  of 

t e m p o r a l  i n t e g r a t i o n ) .  The a p i c a l - m o s t  b i p o l a r  p a i r  of t h e  

e l e c t r o d e  a r r a y  was used  f o r  t h e  s t u d i e s  o f  compensa t ion  of 

temporal i n t e g r a t i o n ;  
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7 .  Channel  d i s c r i m i n a t i o n ,  as  de te rmined  by d i f f e rences  i n  percepts 

evoked by loudness-balanced s t i m u l i  d e l i v e r e d  t o  d i f f e r e n t  b i p o l a r  

pa i r s  i n  t h e  e l e c t r o d e  array.  The s t i m u l i  i n c l u d e d  (a )  s i n g l e  

sine-wave c y c l e s ,  300 microsec/phase, presented a t  t h e  rate of 10 

Hz; ( b )  c h a r g e - b a l a n c e d  b i p h a s i c  p u l s e s ,  0.3, 1.0 a n d  2 .0  

nsec/phase; (c )  b u r s t s  of c h a r g e - b a l a n c e d  b i p h a s i c  p u l s e s ,  where 

t h e  b u r s t  du ra t ion  was 200 msec and r i s e / f a l l  times were 5.0 rsec, 
and where t h e  p u l s e  du ra t ion  was 1.0 rnsedphase; and (d) b u r s t s  of 
s i n u s o i d s ,  where t h e  b u r s t  d u r a t i o n  w a s  200 asec and r i s e / f a l l  

t i n e s  were 5.0 msec, and where t h e  s inuso ida l  f requencies  were 50,  

100, 200 and 2000 Hz. Most r ad ia l  b i p o l a r  pairs  were used  in t h e  

s t u d i e s  of channel d i sc r imina t ion ;  

8 .  Frequency d iscr imina t ion ,  as determined by d i f f e r e n c e s  i n  percepts 

evoked by loudness-balanced s t i m u l i  d e l i v e r e d  t o  s i n g l e  b i p o l a r  

pairs i n  t h e  e l e c t r o d e  array. The s t i m u l i  inc luded  200 msec b u r s t s  

of p u l s e s  and s inuso ids ,  as i n  po in t  7 above. Most radial  b i p o l a r  

pairs were used i n  the  s t u d i e s  of frequency d iscr imina t ion:  

9.  Temporal d i sc r imina t ion ,  as determined by t h e  temporal sepa ra t ion  

a t  which two p u l s e s  were p e r c e i v e d  a s  t w o  s o u n d s  i n s t e a d  of one  

sound ; 

10. Loudness a n d  l o u d n e s s  matching  f o r  b a l a n c e d  biphasic  pulses of 
var ious  i n t e n s i t i e s  and du ra t ions ,  where t h e  p u l s e s  were d e l i v e r e d  

t o  alternate b ipo la r  p a i r s  i n  the  e l e c t r o d e  a r r a y ;  and 

11. E x t i n c t i o n  t i m e s ,  a s  d e t e r m i n e d  by t h e  t ime a t  w h i c h  a 
s u p r a t h r e s h o l d ,  c o n t i n u o u s  s t i m u l u s  would f a d e  i n t o  i n a u d i b i l i t y  

a f t e r  i n i t i a l  a p p l i c a t i o n  of t h e  s t i m u l u s .  The s t i m u l u s  used was a 

100 Hz t r a i n  of s i n g l e - c y c l e  s i n u s o i d s ,  300 microsec /phase .  

S e v e r a l  rad ia l  b i p o l a r  pa i r s  were i n c l u d e d  i n  t h e  s t u d i e s  of 

e x t i n c t i o n  times. 

In a d d i t i o n  t o  t h e  psychophysical s t u d i e s  o u t l i n e d  above,  measurements 

of t h e  e l e c t r i c  f i e l d  p a t t e r n s  produced by SG's i n t r a c o c h l e a r  e l e c t r o d e  
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a r r a y  were made f o r  a l l  monopolar and r a d i a l  b i p o l a r  conf igu ra t ions ,  a t  t h e  

f r e q u e n c i e s  of 100, 400, 1000 and 4000 Hz. F i n a l l y ,  i n i t i a l  a t t e m p t s  a t  

r e c o r d i n g  " i n t r a c o c h l e a r  evoked  p o t e n t i a l s "  were made, m a i n l y  t o  r e f i n e  

a r t i f a c t - r e j e c t i o n  c i r c u i t r y  b u i  1 t i n t o  our recording apparatus.  Seve ra l  

p rob lems  were i d e n t i f i e d  i n  t h i s  l a s t  e f f o r t ,  and d e s i g n  c h a n g e s  in t h e  

a r t i f a c t - r e j e c t i o n  c i r c u i t r y  are being implemented f o r  s t u d i e s  wi th  t h e  next  

implant p a t i e n t .  

Because a n a l y s i s  of t h e  huge volume of d a t a  from t h e  psychophysical and 

field-mapping s t u d i e s  ind ica ted  above is not complete a t  t h i s  time, w e  w i l l  

r e s t r i c t  o u r  p r e s e n t a t i o n  i n  t h i s  r e p o r t  o n l y  t o  major f i n d i n g s  from t h e  

p s y c h o p h y s i c a l  s t u d i e s  t h a t  b e a r  d i r e c t l y  on i n t e r p r e t a t i o n  of SG's poor  

r e s u l t s  i n  t es t s  of  s p e e c h  r e c o g n i t i o n .  Complete  e x p o s i t i o n s  of t h e  

psychophysical and field-mapping s t u d i e s  w i  11 a p p e a r  i n  f u t u r e  q u a r t e r l y  

r e p o r t s .  

First, t h r e s h o l d  and dynamic r ange  measurements  i n d i c a t e d  good 

p e r i p h e r a l  nerve  s u r v i v a l  f o r  SG over  two p a i r s  of e l e c t r o d e s  ( p a i r s  1-2 and 

11-12) and poor o r  patchy s u r v i v a l  ove r  t h e  remaining s i x  pa i r s .  Channel 

i n t e r a c t i o n s  between p a i r s  of e l e c t r o d e s  were g e n e r a l l y  seve re ,  with only  

s e v e r a l  c o m b i n a t i o n s  of c h a n n e l s  e x h i b i t i n g  good i s o l a t i o n .  Next, and 

perhaps most impor tan t ly ,  SG's percepts  f o r  s imple  s t i m u l i  such as s inusoids  

a n d  p u l s e  t r a i n s  were n o t  d e s c r i b e d  a s  t o n e - l i k e  i n  c h a r a c t e r .  

M a n i p u l a t i o n s  of s i n u s o i d a l  o r  p u l s e - t r a i n  f r e q u e n c y  would change  t h e  

q u a l i t y  of t h e  percept  from "bumpy" t o  "rough" t o  "smooth", depending on t h e  

d i r e c t i o n  and  e x t e n t  of f r e q u e n c y  change ,  b u t  t h e  d i f f e r e n c e  l i m e n s  ( D L s )  

f o r  t h e s e  changes  were much la rger  t h a n  t h e  D L s  f o r  f r e q u e n c y  in "normal"  

cochlear- implant  pa t i en t s .  

Also,  a l t e r n a t i o n  of channels  t o  which loudness-balanced s t i m u l i  were 

d e l i v e r e d  d i d  not  u s u a l l y  produce a d i f f e rence  i n  percepts  t h a t  would a l low 
SG t o  rank he r  e l ec t rodes .  That is, even though some e l e c t r o d e  p a i r s  were . 
w e l l  i s o l a t e d  from o t h e r s  (as demonstrated i n  t h e  measurements of channel 

i n t e r a c t i o n s ) ,  t h e  p e r c e p t s  evoked  by s t i m u l a t i o n  of any  combina t ion  of 

pai rs  i n  t h e  a r r a y  were e s s e n t i a l  l y  i n d i s t i n g u i s h a b l e .  "Normal" i m p l a n t  

p a t i e n t s  (and even h i g h l y  abnormal ones l i k e  p a t i e n t  LP, descr ibed  i n  our  

7 t h  QPR f o r  NIH p r o j e c t  N01-NS-2356) would h a v e  had no d i f f i c u l t y  i n  

d i s t i n g u i s h i n g  percepts  produced by s t imu la t ion  of such we l l - i so l a t ed  p a i r s .  

F i n a l l y ,  t h e  measures of temporal d i scr imina t ion ,  as descr ibed  i n  point  

9 above, i nd ica t ed  t h r e s h o l d s  of approximately 100 rnsec, These th re sho lds  
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are much greater than the thresholds we have measured-for other inplant 
patients with good speech-perception results (e.g.. the thresholds for 

patient EHT in the UCSP series were around 5-10 tnsec). The Hochmairs have 
indicated that performance on a similar test of temporal gap detection is 
highly correlated with subsequent performance in tests of speech 
understanding (with the Vienna speech processor, see Hochmair and Hochanair- 
Desoyer, 1985). These investigators further suggest that abnormal ly-high 
thresholds of temporal gap detection may indicate central dysfunction. 
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I V .  Tests of Speech Percept ion 

The r e s u l t s  of s t u d i e s  u s i n g  p r o c e s s e d  s p e e c h  t o k e n s  were most 

disappoint ing.  None of t h e  percepts  e l i c i t e d  by such s t i m u l i  was descr ibed 

as s p e e c h l i k e  by SG; i n s t e a d ,  t h e  p e r c e p t s  were l i k e  t h o s e  of  i n d i s t i n c t  

"bumps" t h a t  coincided with s t i m u l u s  p r e s e n t a t i o n s .  Moreover ,  changes  i n  
t h e  p r o c e s s i n g  s t r a t e g y  d i d  n o t  produce  t h e  huge changes  i n  s p e e c h  

percept ion r e s u l t s  w e  saw with p a t i e n t  LP (QPR 7 ,  N I H  p r o j e c t  N01-NS-2356). 

S p e c i f i c a l l y ,  SG would r e p o r t  o n l y  small q u a l i t a t i v e  changes i n  t h e  "bumps" 

when fundamental changes were made i n  the  processing s t r a t e g y .  

With t h e s e  d isappoin t ing  r e s u l t s  i n  mind, w e  decided t o  g i v e  SG a take- 

home processor  t h a t  implemented t h e  "compressed ana log  outputs"  s t r a t e g y  of 

t h e  p r e s e n t  UCSF/Storz c o c h l e a r - i m p l a n t  system. Our t h o u g h t  was t h a t  

vigorous s t i m u l a t i o n  of her  c e n t r a l  aud i to ry  system through d a i l y  use  of t h e  

speech  p r o c e s s o r  might  " r e a f f i r m "  long-dormant n e u r a l  pathways and 

c o n n e c t i o n s .  A l s o ,  w e  t h o u g h t  t h a t  p r a c t i c e  w i t h  t h e  d e v i c e ,  and 

c o r r e l a t i o n  of e l e c t r i c a l  ly-evoked  p e r c e p t s  w i t h  t h e  v i s u a l  cues o f  

l i p read ing ,  might he lp  SG e n t e r  t he  "speech mode" of aud i to ry  percept ion.  

U n f o r t u n a t e l y ,  u s e  of t h e  s p e e c h  p r o c e s s o r  d u r i n g  t h e  p e r c u t a n e o u s -  

c a b l e  phase d i d  not  produce any measurable benef i t .  Subsequent use  of t h e  

UCSF/Storz processor  with t h e  t ranscutaneous t ransmission system ( a f t e r  SG's 

second  o p e r a t i o n  t o  remove t h e  p e r c u t a n e o u s  c a b l e  and i n s t a l l  t h e  

t ranscutaneous t ransmission system) did produce small improvements i n  aided 

l i p r e a d i n g  scores over  a one-month period. I n  addi t ion ,  t h e r e  were sporadic  

occasions where SG could  make channe 1 discr iminat ions.  These "sparkles"  of 

improvement may r e f l e c t  l e a r n i n g  e f f e c t s  obtained with c o n s i s t e n t  u s e  of t h e  

i m p l a n t ,  p o s s i b l e  changes  i n  t h e  " c o n n e c t i v i t y "  of c e n t r a l  a u d i t o r y  

pathways, or both. We hope, of course,  t h a t  s u b s t a n t i a l  improvements w i l l  

o c c u r  w i t h  c o n t i n u e d  u s e  o f  t h e  d e v i c e .  We w i l l  b e  m o n i t o r i n g  SG's 

per fo rmance  a t  a p p r o x i m a t e l y  1-month i n t e r v a l s  for t h e  n e x t  6 months t o  

c h a r t  he r  progress  (monitoring w i l l  be p r imar i ly  accomplished wi th  s e l e c t e d  

tests of t h e  minimal aud i to ry  c a p a b i l i t i e s  ba t t e ry ) .  I f  clear improvements 

are found, w e  w i l l  e v a l u a t e  a l t e r n a t i v e  speech-processing s t r a t e g i e s  wi th  

t h e  aim of r ea l i z ing  f u r t h e r  improvements. 

1 1  



V .  Concluding Remarks 

The p i c t u r e  t h a t  emerges from o u r  f i n d i n g s  w i t h  p a t i e n t  SG i s  one of  

c e n t r a l  d y s f u n c t i o n .  S p e c i f i c a l  l y ,  we know we can r e p r e s e n t  speech  and  

o t h e r  information a t  her  l a r g e l y - i n t a c t  _ _  periphery,  bu t ,  u n l i k e  o t h e r  implant  

p a t i e n t s  w e  h a v e  s t u d i e d ,  s h e  can ' t  u s e  t h i s  i n f o r m a t i o n  t o  p e r c e i v e  t h e  

a u d i t o r y  env i ronmen t .  One p o s s i b i l i t y  is t h a t  normal development of h e r  

central aud i to ry  system was a r r e s t e d  a t  a c r i t i c a l  s tage .  Indeed, results 

from a n i m a l  s t u d i e s  s u g g e s t  t h a t  t h e  c e n t r a l  a u d i t o r y  sys tem may not b e  

f u l l y  developed u n t i l  adolescence.  I f  t hese  results ho ld  f o r  humans, and if 

w e  are  c o r r e c t  i n  a s c r i b i n g  SG's d i f f i c u l t i e s  t o  a n  u n d e v e l o p e d  cent ra l  
a u d i t o r y  s y s t e m ,  t h e n  p a t i e n t s  w i t h  h i s t o r i e s  l i k e  SG a re  u n l i k e l y  t o  

receive s i g n i f i c a n t  b e n e f i t s  from coch lea r  implants  ( a t  l ea s t  i n  t h e  e a r l y  

post-op period).  Therefore p a t i e n t s  who l o s t  t h e i r  hear ing  a t  an e a r l y  age, 

and  h a v e  had a l o n g  ( s e v e r a l  y e a r s  o r  more) i n t e r v e n i n g  p e r i o d  p r i o r  t o  a 
p roposed  i m p l a n t ,  s h o u l d  p r o b a b l y  b e  viewed as  poor  c a n d i d a t e s  f o r  the 

procedure. On t h e  o the r  hand, a coch lea r  implant  may "save" t h e  hear ing of 

a n  e a r l y - o n s e t  v i c t i m  i f  t h e  d e v i c e  can b e  a p p l i e d  i n  time t o  p r o v i d e  a 

( 1  r e a s o n a b l e  c o n t i n u i t y  of a u d i t o r y  i n p u t .  T h i s ,  of c o u r s e ,  i s  a pr ime 

\ ' 4  
I \ ,7 

I 1  , .  
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.' argument f o r  coch lea r  implants  i n  ch i ld ren .  

c( I n  summary, o u r  f i n d i n g s  i n  tes ts  w i t h  p a t i e n t  SG s u g g e s t  t h e  i 
1 fol lowing:  

1. A l a r g e l y - i n t a c t  p e r i p h e r y  d o e s  n o t  g u a r a n t e e  s u c c e s s  even  w i t h  

t h e  b e s t  of cochlear  implant devices;  

2.  Early l o s s  of hea r ing  combined with a long  i n t e r v e n i n g  per iod  p r i o r  

t o  implant  may c o n s t i t u t e  an  unfavorable  h i s t o r y  for good use of an 
aud i to ry  p ros thes i s ;  and 

- 

3. Implanta t ion  s h o r t l y  a f t e r  de t ec t ion  of an e a r l y  loss of hear ing 

may be a b s o l u t e l y  c r i t i c a l  t o  t h e  maintenance of normal func t ions  

i n  t h e  developing central  aud i to ry  system of a c h i l d .  
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V I .  Plans fo r  the  Next Quarter 

Our second implant  p a t i e n t  a t  DUMC is scheduled for her  f i r s t  surgery 

( t o  i n s t a l  1 t h e  e l e c t r o d e  a r r a y  and p e r c u t a n e o u s  c a b l e )  on Feb. 22,  1986. 

The major a c t i v i t i e s  of t h e  nex t  q u a r t e r  w i l l  be (a) p r e p a r a t i o n  f o r  t h i s  

even t  and (b) subsequent t e s t i n g  of t h e  pa t i en t .  In  addi t ion ,  Wilson w i l l  

be present ing  a paper, "Latency F i e l d s  i n  Electrical ly-Evoked Hearing," a t  

t h e  9 t h  Annual ARO Meeting i n  e a r l y  February. 
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i- The f o l l o w i n g  major p re sen ta t ions  were made i n  t h e  present  r epor t ing  

per iod:  

W i l s o n ,  BS: Speech  p r o c e s s o r s  f o r  a u d i t o r y  p r o s t h e s e s .  P r e s e n t e d  a t  t h e  

Neural P ros thes i s  Workshoo, November, 1985. 

Fin ley ,  CC and BS Wilson: Models of neu ra l  s t i m u l a t i o n  f o r  e l e c t r i c a l l y  

evoked  h e a r i n g .  I n v i t e d  pape r  p r e s e n t e d  i n  t h e  s p e c i a l  s e s s i o n  on 

neuros t imula t ion ,  ACEMB Meeting, Sept .  3--0ct. 2, 1985. 

W i l s o n ,  BS and  CC F i n l e y :  Speech p r o c e s s o r s  f o r  a u d i t o r y  p r o s t h e s e s .  

I n v i t e d  paper presented i n  t h e  s p e c i a l  s e s s ion  on s i g n a l  process ing  f o r  

t h e  hear ing  impaired, IEEE Bioengineering Conf., Sep t .  27-30, 1985. 

F i n l e y ,  CC and  W i l s o n ,  BS: A s i m p l e  f i n i t e - d i f f e r e n c e  model of f i e l d  

p a t t e r n s  produced  by b i p o l a r  e l e c t r o d e s  of t h e  UCSF a r r a y .  I n v i t e d  

p a p e r  p r e s e n t e d  i n  t h e  s p e c i a l  s e s s i o n  on c o c h l e a r  i m p l a n t s ,  I E E E  

Bioengineering Conf., Sept.  27-30, 1985. 

Farmer, J C ,  Jr., Kenan, PD and Wilson, BS: Cochlear implants .  Presented a t  
Surg ica l  Grand Rounds, Duke Univers i ty  Medical Center ,  November, 1985. 

S e l e c t e d  abs t r ac t s  f rom t h e s e  p r e s e n t a t i o n s  are  i n c l u d e d  i n  t h e  

remainder of t h i s  Appendix. 
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MODELS OF NEURAL STIMJLATIOLP FOR ELECTRICALLY EVOKED W I N G  

C.C. Pinley and B.S. Wilson 

Design of advanced speech  p r o c e s s o r s  f o r  
mult ichannel  audi tory  Prostheses  requi res  d e t a i l e d  
knowledge of t h e  aechanisms of electrical neura l  
s t i m u l a t i o n  o c c u r r i n g  w i t h i n ' t h e  c o c h l e a .  Such 
knowledge w i l l  a f ford  t h e  opportuni ty  to  optimize 
t h e  c o d i n g  of speech  i n f o r m a t i o n  by g a i n i n g  
p r e c i s e  c o n t r o l  o v e r  t h e  f i r i n g  p a t t e r n s  evoked  
among f i b e r s  of  t h e  V I I I t h  n e r v e .  Many f a c t o r s  
a r e  known t o  ' c o n t r i b u t e  t o  t h e  o v e r a l l  
c h a r a c t e r  i s t i c s  of  t h e  " e l e c t r i c a l  - to -neura  1 
t r a n s f o r m e r '  t h a t  l i n k s  s t i m u l i  d e l i v e r e d  t o  
in t racochlear  e l e c t r o d e s  t o  discharge p a t t e r n s  i n  
t h e  a u d i t o r y  n e r v e .  These f a c t o r s  i n c l u d e  t h e  
p h y s i c a l  l o c a t i o n s .  d imens ions  and e l e c t r l c a l  
c h a r a c t e r i s t i c s  of the  e lec t rodes .  a s  w e l l  as. t h e  
phys io logica l  i n t e g r i t y  and s u r v i v a l  p a t t e r n s  of 
t h e  remaining n e u r a l  e l e m e n t s .  In  a d d i t i o n .  t o  
a c h i e v e  s u c c e s s f u l  encoding  of speech  on t h e  
V I I I t h  n e r v e  by e l e c t r i c a l  s t i m u l a t i o n ,  i t  is 
p r o b a b l y  n e c e s s a r y  t o  c o n t r o l  t h e  t e m p o r a l  and 
s p a t i a l  p r o f i l e s  of neural  discharge around each 
e l e c t r o d e  or e l e c t r o d e  p a i r  whi le  avoid ing  and/or 
e x p l o i t i n g  f i e l d  i n t e r a c t i o n s  b e t w e e n  t h e  
e lec t rodes .  To e v a l u a t e  t h e  r e l a t i v e  s ign i f icance  
of each  of t h e s e  c o n t r i b u t i n g  f a c t o r s ,  w e  h a v e  
developed a s e r i e s  of computer-based models which 
d e s c r i b e  t h e  e v e n t s  of neurost imulat ion within t h e  
cochlea.  

The f i r s t  model d e s c r i b e s  t h e  e l e c t r i c a l  
f i e l d  p a t t e r n s  w i t h i n  t h e  c o c h l e a .  a s  a 
consequence  of s t i m u l a t i o n  by e l e c t r o d e s  w i t h i n  
s c a l a  tympani. The o b j e c t i v e  of t h i s  model is t o  
p r o v i d e  e s t i n a t e s  of t h e  p r o f i l e s  of p o t e n t i a l s  
a l o n g  t h e  l o c i  o f  s u r v i v i n g  n e u r a l  elements. 
These p o t e n t i a l s  a r e  c a l c u l a t e d  by an i t e r a t i v e ,  
two-dimens iona l .  f i n i t e  d i f f e r e n c e  model of  a 
cochlear  cross sect ion.  which inc ludes  a p a i r  of 
e l e c t r o d e s  i n  t h e  s c a l a  tympani. Grid poin ts  i n  
t h e  model are 20 microns apart and r e s i s t i v i t i e s  
l i n k i n g  t h e  g r i d  poin ts  are def ined according t o  
publ ished v a l u e s  f o r  r e s i s t i v i t i e s  of tissues and 
f l u i d s  a p p e a r i n g  i n  t h e  c r o s s  s e c t i o n .  The 
b i p o l a r  e l e c t r o d e s  a r e  d e f i n e d  a s  equipoten t ia l  
c o n d u c t o r s  mounted i n  a n  i n s u l a t i n g  c a r r i e r  
medlum. F lxed  v o l t a g e s  a r e  a s s i g n e d  t o  each  
e l e c t r o d e  and t h e  r e s u l t a n t  f i e l d  p a t t e r n s  a r e  
c o m p u t e d  by i t e r a t i o n  f o r  t h e  e n t i r e  cross 
s e c t i o n .  P o t e n t i a l  l e v e l s  a t  p o i n t s  a l o n g  t h e  
l o c i  of t h e  V I I I t h  nerve  elements  a r e  ex t rac ted  
from t h e  f i n a l  f i e l d  c a l c u l z t i o n .  A second 
v e r s i o n  o f  t h i s  model ,  c o n t a i n i n g  t h e  s p i r a l  of  
t h e  c o c h l e a .  compressed l n t o  two d imens ions ,  is 
used to  es t imate  t h e  i n t e r a c t i o n  and c r o s s t a l k  at 
a s i n g l e  neura l  e l e a e n t  f o r  s t i m u l a t i o n  of two o r  
nore e l e c t r o d e  c h a n n e l s .  Both models  p r o v i d e  
f i e l d  p a t t e r n  es t lmates  t h a t  c o r r e l a t e  w e l l  w i t h  
publ ished d a t a  from animal experiments. 

A s e c o n d  m o d e l  is a l u m p e d - e l e m e n t  
d e s c r i p t i o n  of a n  e l e c t r i c a l  l y - s t l m o l a t e d .  
myelinated neuron. St imulus inputs  for t h e  model 
are t h e  p o t e n t i a l  p r o f i l e s  c a l c u l a t e d  fn t h e  
f i e l d  p o t e n t i a l  models  d e s c r i b e d  above. T h i s  
model is a m o d i f i c a t i o n  o f  XcNeal 's  axon model 
( I E E E  T r a n s .  B X E  23: 3 2 9 - 3 3 7 .  1976) of  
r e s i s t i v e l y - l i n k e d  Prankenhauser-Buxley nodes. 
The modified model inc ludes  myelinated axon c a b l e  
p r o p e r t i e s  and uses mammalian node of Ranvier  
c h a r a c t e r i s t i c s  instead of t h e  c h a r a c t e r i s t i n  for 
Frankenhauser-Ruxley f r o g  nodes. Eighteen a c t i v e  
n o d e s  a r e  i n c l u d e d .  e a c h  s e p a r a t e d  by t e n  
m y e l i n a t e d  s e g m e n t s .  One s e c t i o n  1 n c I u d e s  
c h a r a c t e r i s t i c s  of a c e l l  body. r e s e m b l i a g  t h e  
b i p o l a r  c e l l s  o f  t h e  c o c h l e a .  A s y s t e m  of 
simultaneous. nonl inear  d i f f e r e n t i a l  equarions is 
s o l v e d  i t e r a t i v e l y  t o  c a l c u l a t e  t h e  model's 
r e s p o n s e  t o  any  a r b l  t r a r y  s t i n u l u s  waveform, 
a p p l i e d  a s  a v o l t a g e  p r o f i l e  a l o n g  t h e  eattre 
l e n g t h  o f  t h e  axon.  T h e  n e u r o n  model ,  i n  
c o n j u n c t i o n  w i t h  t h e  f i e l d  p o t e n t i a l  models. 
c o n s t i t u t e s  a n  l n t e c r a t e d  a o d e l  of s i n g l e  f i b e r  
behavior  i n  t h e  e l e c t r i c a l  ly -s t imula ted  cocblea. 

Rowever. speech  e n c o d i n g  i n  t h e  c o c h l e a  
r e q u i r e a  s u c c e s s f u l  t e m p o r a l  c o n t r o l  of an  
ensemble of neurons s p a t i a l l y  d i s t r i b u t e d  .long 
t h e  c o c h l e a r  p a r t i t i o n .  A t h i r d  model h a s  been 
d e v e l o p e d  t o  d e s c r i b e  e n s e m b l e  r e s p o n s e s  of 
m u l t i p l e  neurons  t o  s t i a u l a t i o n  by m u l t f p l e  
e l e c t r o d e s .  Thia  model a1 lows m a n i p u l a t i o n  of 
f i e l d  p a t t e r n s  and cbannel conf igura t ions  of the 
e lec t rodes .  a long  with r e s p o n s e  c h a r a c t e r i s t i c s  
and s u r v i v a l  p a t t e r n s  or t h e  n e u r a l  e lements .  
'Latency p r o f 1  l e s "  a r e  C a I c u l a t e d  which show 
t iming of neural  f i r i n g  as a func t ion  of b o a  the 
loca t ion  of t h e  element a l o n g  t h e  cochlea  and the  
s t i m u l i  and e l e c t r o d e  channel conf igura t ions  used. 
I n i t i a l  s t u d i e s  ind ica te  t h e  occurrence of abrupt 
d i s c o n t i n u i t i e s  i n  r e s p o n s e  f i e l d .  a s  a 
consequence  of e l e c t r o d e  p o l a r i t y  and n e u r a l  
s u r v f v a l .  T h e s e  r e s p o n s e  d i s c o n t i n n f t i c t  
complicate  the  design of speech processors  which 
s e e k  t o  r e p l i c a t e  f l r l n g  p a t t e r n s  or t h e  aormai  
cochlea  i n  response t o  speech s t imula t ion .  

(Suppor ted  by N I X  C o n t r a c t  A01-NS-2356. "Speech 
Processors  f o r  Auditory Prostheses.') 
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(KEMAR). Using a pseudorandom noise input, the phase charac- 
teristic of the transfer function at a high volume control setting was 
obtained with an FFT-based spectrum analyzer as well as the group 
delay through the hearing aid in siru. These measurements were 
repeated with a phase compensator designed to improve the line- 

ity of the phase characteristic. The effect of the phase compen- 
a t o r  was to flatten the group delay through the hearing aid which 
may result in improved speech perception for hearing impaired per- 
sons. 

Speech Processors for Auditory Prostheses 

BLAKE S. WILSON AND CHARLES C. FINLEY 

In this presentation, we will descnie strategies for coding speech 
signals for auditory prostheses. Two problems will be considered: 
1) the “classic” problem of extracting parameters from speech that 
are essential for intelligibility, and 2) the problem of transforming 
these parameters into electrical stimuli that will produce patterns 
of neural activity that are perceived as intelligible speech. 

Speech Processing for Cochlear Implants 

E. L. V. WALLENBERG, I. I. HOCHMAIR-DESOYER, AND 
E. S. HOCHMAIR 

Open-list sentence understanding without lipreading can be 
achieved by single-channel analog broad-band electrical stimulation 
by 75 percent of the postlingually deafened patients equipped with 
a Vienna cochlear prosthesis. Based on the analysis of vowel iden- 
tification tasks, alternate speech coding strategies using feature ex- 
traction have been developed and evaluated. 

Session C13-Cochlear Prostheses 
4 

A Simple Finite-Difference Model of Field Patterns 
Produced by Bipolar Electrodes of the UCSF Array 

C. C. FINLEY AND B. s. WILSON 

A finite-difference model of field patterns produced by the UCSF 
multichannel bipolar electrode array is presented. The model de- 
scribes the array as a spiral, compressed into a two-dimensional, 
homogeneous plane. Potential levels along radially directed den- 
drites of spiral ganglion cells are described. Comparisons between 
of measured animal data and model predictions are presented. Im- 
plications for channel interaction phenomena are discussed. 

Mixed Boundary Value Problems in the 
Implanted Cochlea 

J. T. RUBINSTEIN. M. SOMA.ANDF. A. SPELMAN 
.r 

This paper describes a threedimensional analytical model of a 
finite-shd, cylindrical, segmented electrode array. The assump- 
tions made are that the fields will be calculated at a distance much 
smaller than the length of the carrier, the carrier is a perfect insu- 
lator, and the electrodes are perfect conductors. 

A Peak-Counting Model for Single-Electrode 
Cochlear Stimulation 

LES ATLAS . 

A peak-counting model has been developed to predict the pitch 
and timbre perception for complex single-electrode electrical stim- 
ulation waveforms. This model has been studied for the case of 
amplitude modulated biphasic pulses and for more complex analog 
waveforms. The model has also been utilized to suggest speech pro- 
cessing algorithms. 

Behavioral Responses to Intracochlear Electrical 
Stimulation: Possible Peripheral-Nerve 

Mechanisms 
Implications of Speech Encoding in the Normal 

Cochlea for a Cochlear Prosthesis 
. 

BEN M. CLOPTON MARK WHITE 

In addition to established analysis and transduction processes in 
the normal cochlea, significant nonlinearities and, possibly, extra- 
cellular electrical currents influence activity in the auditory nerve. 
Enhancement of specific features in sound waveforms, especially 
speech, occurs. These processes imply strategies for electrically 
encoding speech information for a cochlear prosthesis. 

The rate at which neural activity increases with stimulus inten- 
sity is a function of fiber diameter. In  addition, the intraaxonai re- 
sistance between nodes of Ranvier is a strong function of fiber di- 
ameter. These two primary factors may cause cochlear fibers of 
different diameter to be selectively excited depending on the stim- 
ulus level, the stimulus waveform, and distribution of surviving 
nerve. 

Current Spreading and Current Deconvolution in 
Scala Tympani Prostheses Session DE-ElectricaI Control 

of Arrhythmias DIRK VON COMPERNOLLE AND R08ERT L. WHITE 

Multielectrode cochlear arrays have the potential to create, at the 
neurons, a current density representing the complex energy density 
spectrum of speech. For present devices, the desired current pat- 
tern is placed on the electrodes and degraded by current spreading 
to a blurred representation at the neurons. If the current spreading 
function is known, however, so is its inverse; and it is possible, 
wing “current deconvolution,” to compute the current pattern re- 

i r e d  at the electrodes to produce the desired pattern at the neu- 
rons. This paper will deal with the potential and the limitations of 
current deconvolution techniques as applied to scala tympani coch- 
lear prostheses. I 

Computer Algorithms for Tachycardia Detection in 
hiititachycardia Pacing 

THOMAS E. BUMP 

We have developed sensitive and specific decision rules for tachy- 
cardia identification which use rate in both chambers and degree of 
atrioventricular association to diagnose among tachycardias which 
do not have 1:l atrioventricular relationship. Ourtechnique delivers 
an atrial extrastimulus to differentiate sinus tachycardia from other 
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Stud ies  Conducted with Pa t i en t  SG 

t es t s  - d a t e  

11/6 

- 

11/7 

11/8 

11/12 

11/13 

e l e c t r o d e  impedances;  t h r e s h o l d s  and  M C L s  t o  c o n t i n u o u s  
s inuso ids  a t  100, 400, 1000 and 4000 Hz, obtained wi th  manual 
m a n i p u l a t i o n  of t h e  a n a l o g  o s c i l l a t o r .  A l s o ,  r e p o r t s  of 
p e r c e p t s  were o b t a i n e d :  e.g, "high" s e n s a t i o n s ,  "dizzy" 
sensa t ions ,  etc. Frequency sweeps were made t o  probe changes 
i n  p e r c e p t s  w i t h  changes  i n  f r equency .  Only  b i p o l a r  p a i r s  
were used i n  t h e  tests.  

e l e c t r o d e  impedances: f u r t h e r  exp lo ra t ion  of s t imu lus  space  
w i t h  b i p h a s i c  s i n g l e  s ine -wave  c y c l e s ,  300 usec /phase .  SG 
was a s k e d  t o  r a n k  p e r c e p t s  a l o n g  l o u d / s o f t  and  s h a r p / d u l l  
d imens ions .  T h i s  l e a d  t o  r e p o r t s  of "choppy," "smooth," 
" d u l l  ,I' " sha rp , "  "weak," and /o r  "s t rong ,"  which bore complex 
r e l a t i o n s h i p s  t o  t h e  r e p  ra tes  and  i n t e n s i t i e s  of t h e  
s t i m u l i .  F i n a l l y ,  t h r e s h o l d  d a t a  were obtained for s i n g l e  
monophasic, t r i p l e  monophasic and s i n g l e - c y c l e  b iphas ic  s i n e  
p u l s e s  a t  t h e  r e p  rate of 10 Hz. These da t a  were obtained by 
manual adjustment of t h e  o s c i l l a t o r .  

e l e c t r o d e  impedances;  c o n t i n u e d  s t u d i e s  w i t h  s i n g l e - c y c l e  
ana log  s inusoids .  Continued t r a i n i n g  i n  psychophysical tests 
and repor t ing .  Measured e x t i n c t i o n  times t o  100 Hz trains of 
s i n g l e - c y c l e  s i n u s o i d s .  T h r e s h o l d s  t o  s i n g l e - c y c l e  
s inusoids ,  presented a t  t h e  rate of 10 Hz, were measured with 
s i n g l e  ascending runs.  A 1  1 b i p o l a r  and monopolar s t imu lus  
combinations were t e s t e d  f o r  one l ead ing  phase of t h e  s i n g l e -  
c y c l e  s inusoids ,  and t h e  r e v e r s e  phase was used i n  a d d i t i o n a l  
tests of a1  1 b i p o l a r  s t imu lus  combinations. 

e l e c t r o d e  impedances; continued exp lo ra t ion  of s t imu lus  space 
with s i n g l e  s i n e  waves, 300 usedphase .  In  one set  of tests, 
l o u d n e s s  was b a l a n c e d  f o r  two c h a n n e l s  and  S G  was asked 
"which channel?--A o r  B?" A l s o ,  l o u d n e s s  scalea were 
e s t a b l i s h e d  f o r  s e l e c t e d  c h a n n e l s .  F i n a l l y ,  . p r e l i m i n a r y  
tests of channel summation were performed. 

In  add i t ion  t o  t h e s e  psychophysical t e s t s ,  f i e l d  mapping of 
t h e  e l e c t r o d e  a r r a y  was per formed w i t h  t h e  s i n g l e - c y c l e  
s i n u s o i d a l  s t imulus .  Amplitude v a l u e s  were recorded from t h e  
scope fo r  va r ious  conf igura t ions  of t h e  e l e c t r o d e  a r ray .  

e l e c t r o d e  impedances; continued e x p l o r a t i o n  of s t imu lus  space 
w i t h  s i n g l e - c y c l e  s i n u s o i d s .  P r e l  i n i n a r y  measurements  of 
c h a n n e l  i n t e r a c t i o n s  were made i n  which t h e  p o l a r i t i e s  of 
s t i m u l i  d e l i v e r e d  t o  t h e  two s e l e c t e d  c h a n n e l s  were 
m a n i p u l a t e d .  Changes i n  l o u d n e s s  r e p o r t s  i n d i c a t e d  t h e  
approximate magnitude of i n t e rac t ions .  Also,  s e v e r a l  tests 
o f  c h a n n e l  d i s c r i m i n a t i o n  were p e r f o r m e d .  F i n a l l y ,  
u n p r o c e s s e d  s p e e c h  sounds  were a p p l i e d  i n  an a t t e m p t  t o  
p rov ide  "speech-mode" percepts.  



11/14 e l e c t r o d e  impedances;  began tes ts  w i t h  compute r -gene ra t ed  
s t i m u l i .  Thresholds and "1" l e v e l s  were obtained i n  s i n g l e  
ascending runs  f o r  a l l  b i p o l a r  channels  i n  t h e  a r ray .  Then 
t h r e s h o l d s  were o b t a i n e d  f o r  t h e  4 t y p e s  of p u l s e s ,  f o r  
s e l e c t e d  c h a n n e l s  i n  t h e  a r r a y ,  u s i n g  t h e  a u t o m a t e d  
procedures of program NEWTWO. 

11/15 e l e c t r o d e  impedances;  c o n t i n u e d  measurements  of p u l s e  
t h r e s h o l d s  with NEWTWO. Loudness 1 eve1 s f o r  300 usec/phase 
b i p h a s i c  p u l s e s  were o b t a i n e d  f o r  p a i r  1-2. M u l t i p u l s e  
e x c i t a t i o n  f i l e s  were then prepared f o r  d e l i v e r y  t o  p a i r  1-2, 
us ing  the  loudness and th re sho ld  da t a  from t h e  above tests. 
M u l t i p u l s e  f i l e s  were made f o r  tokens BOUGHT, BIT and BOAT. 
They were balanced for loudness and a d iscr imina t ion  test was 
conducted .  The t o k e n s  were w e l l  d i s c r i m i n a t e d ,  b u t  n o t  
r e c o g n i z e d  a s  s p e e c h  ( i n s t e a d ,  t h e y  sounded l i k e  "bumps"). 
F i n a l l y ,  t h r e s h o l d s  f o r  monopolar p u l s e s  were obtained f a r  
t h e  Pour types of p u l s e s  f o r  s e l e c t e d  e l ec t rodes .  

11/19 

11/20 

11/21 

11/22 

11/23 

11/25 

e l e c t r o d e  impedances; MCLs were obtained f o r  .3. 1.0 and 4.0 
msec b iphas ic  p u l s e s ,  f o r  b i p o l a r  pa i r s .  Repeat  of t h re sho ld  
measurements  f o r  b i p h a s i c  p u l s e s  was per formed t o  conf i rm 
r e l i a b i l i t y  of tests (1) a f t e r  a weekend away and (2) a f t e r  
chang ing  t h e  maximum o u t p u t  c u r r e n t  (1 mA) and  v o l t a g e  
compliance (35 v )  of t h e  s t imu lus - i so l a t ion  un i t .  A l s o ,  MCLs 
f o r  t h e  o t h e r  t y p e s  of p u l s e s  were o b t a i n e d  f o r  p a i r  1-2. 
F i n a l  l y ,  b r i e f  channel d i scr imina t ion  s t u d i e s  were conducted 
f o r  p a i r s  11-12, 15-16 and 1-2. 

e l e c t r o d e  impedances; i n i t i a l  a t t e m p t s  a t  EP measurements;  
measurements of monoDolar t h re sho lds  t o  p u l s e s  f o r  e l e c t r o d e s  
3 and 4.  F i n a l l y ,  a r e p e a t  measurement of t h r e s h o l d s  t o  
b iphas ic  p u l s e s  was made f o r  b i p o l a r  p a i r  3-4 a f t e r  t h e  max 
c u r r e n t  l e v e l  had been readjus ted  t o  500 uA. 

e 1 ec t r o d  e i mpedan ces : checked 
th re sho ld  f o r  b iphas ic  p u l s e s  d e l i v e r e d  to p a i r s  5-6, 11-12, 
13-14, 15-16. Measured th re sho lds  f o r  a l l  p u l s e  types,  f o r  
p u l s e s  d e l i v e r e d  t o  t h e  monopolar  e l e c t r o d e s  of  t h e  a b o v e  
p a i r s .  Probed c h a n n e l  d i s c r i m i n a t i o n  w i t h  2 rnsec/phase,  
1 oudness-ba 1 anced, biphas ic pu 1 ses .  

a r  t 3 f a  c t -re j e c  t t r i a 1 s ; 

e l e c t r o d e  impedances: continued channel d i sc r imina t ion  tests, 
as above, a t  loudness l e v e l s  of "1" and "3." A l s o ,  conducted 
channel-discr iminat ion tests i n  which t h e  s t imu lus  d e l i v e r e d  
t o  one c h a n n e l  was a 300 u s e c / p h a s e  p u l s e  and t h e  s t i m u l u s  
d e l i v e r e d  t o  t h e  o the r  channel was a 1.0 msec/phase pulse.  

e l e c t r o d e  impedances; frequency- and c h a n n e l - d i s c r i m i n a t i o n  
t e s t s ,  u s i n g  200  msec t r a i n s  of 1.0 msec /phase  b f p h a s i c  
p u l s e s .  S t i m u l i  were b a l a n c e d  f o r  l o u d n e s s  p r i o r  to 
comparison i n  t h e  d iscr imina t ion  tests. 

e l e c t r o d e  impedances; MCLs f o r  200 msec tone  b u r s t s ,  a t  t h e  
t o n e  f r e q u e n c i e s  of  1 2 5 ,  250, 500, 1000. 2000 and 4000 Hz, 
for b ipo la r  p a i r s .  

$ 
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11/26 

11/27 

12/2 

12/3 

12/4 

12/5 

12/6 

12/9 

12/10 

e 1 ectrode impedances ; channe 1 d i s c r i m i n a t i o n  e x p e r i m e n t s  
u s i n g  2 KHz t o n e  b u r s t s .  Comparisons were made a t  l o u d n e s s  
l e v e l s  o f  "I" and "3." T e s t s  of f r e q u e n c y  d i s c r i m i n a t i o n ,  
u s i n g  50, 100, 200 and 2000 Hz t o n e  b u r s t s  were a l s o  
conducted. Prel iminary tests of temporal i n t eg ra t ion ,  both 
w i t h i n  and  a c r o s s  c h a n n e l s ,  were per formed u s i n g  t h e  
" c h a n n e l - i n t e r a c t i o n  paradigm" d e s c r i b e d  i n  t h e  n o t e s  f o r  
11/26. 

e l e c t r o d e  impedances:  t h r e s h o l d s  t o  62.5, 125, 250. 500, 
1000, 2000 and 4000 Hz t o n e  b u r s t s ,  f o r  a l l  b i p o l a r  p a i r s .  
Also,  f i t  p o r t a b l e  speech processor  f o r  use ove r  t h e  weekend. 

e l e c  trode impedances; channe 1 - and f requency-d i sc r i m i  na t i o n  
tests us ing  200 msec tone b u r s t s ,  separated by an IS1 of 400 
msec. Measured t h r e s h o l d s  a g a i n  f o r  b i p h a s i c  p u l s e s  
d e l i v e r e d  t o  pa i r s  1-2, 5-6, 11-12 and 15-16. Obta ined  
e q u i l o u d n e s s  c o n t o u r s  f o r  b i p h a s i c  p u l s e s  o f  v a r i o u s  
dura t ions ,  f o r  pairs  1-2, 5-6, 11-12 and 15-16. In  add i t ion ,  
obtained equi loudness  contours  f o r  t he  o the r  types of p u l s e s  
f o r  pa i r  1-2. 

e l e c t r o d e  impedances;  n u l t i p u l s e ,  t e m p o r a l - i n t e g r a t i o n  
e x p e r i m e n t s  f o r  .3 msec p u l s e s  of a l l  4 t y p e s ,  f o r  c h a n n e l s  
1-2, 5-6, 11-12 and 15-16. 

e l e c t r o d e  impedances; two-pulse temporal d i scr imina t ion  teats 
were conduc ted ,  f o r  c h a n n e l s  1-2 and  5-6. V a r i o u s  p u l s e  
waveform were used, and d iscr imina t ion  measures were made a t  
t h e  loudness l e v e l s  of "1" and "3." 

e l e c t r o d e  impedances;  c o n t i n u e d  t e m p o r a l  d i s c r i m i n a t i o n  
t e s t s ,  f o r  c h a n n e l s  5-6, 11-12 a n d  15-16. Resumed 
r u l t i p u l s e ,  temporal- integrat ion experiments f o r  2, 3 and 4 
p u l s e  s e q u e n c e s  f o r  c h a n n e l  1-2; and f o r  h i g h - r e s o l u t i o n  
measures with 4-pulse sequences f o r  channels  1-2, 5-6, 11-12 
and 15-16. 

e l e c t r o d e  impedances;  m u l t i p u l s e ,  t e m p o r a l - i n t e g r a t i o n  
experiments f o r  .1 msec p u l s e s  and .3 msec p u l s e s  d e l i v e r e d  
t o  channel 1-2. Also, measured channel i n t e r a c t i o n s  using a 
manual p r o c e d u r e  w i t h  NEWTWO, t o  r e v e r s e  t h e  p o l a r i t i e s  of 
p u l s e s  d e l i v e r e d  t o  t h e  tes t  channels  and t o  in t roduce  small 
time o f f s e t s  between t h e  p u l s e s .  F i n a l l y ,  t h e  speech  
processor  was readjus ted  t o  provide  more compression, etc. 

e l e c t r o d e  impedances: field-mapping measurements. 

e l ec t rode  impedances:  f ie ld-mapping measurements: channel- 
i n t e r a c t i o n  s t u d i e s  i n  which loudnesses were measured f o r  in-  
phase  and out-of  -phase .3 msec b i p h a s i c  and monophasic 
p u l s e s ,  f o r  a l l  b i p o l a r  p a i r s  i n  t h e  array.  In a d d i t i o n ,  
loudnesses  were measured f o r  va r ious  delay o f f s e t s  of p u l s e s  
d e l i v e r e d  t o  t h e  two c h a n n e l s ,  t o  gauge "release from 
temporal summation." 

! 



12/11 

12/12 

12/13 

12/14 

electrode impedances: continued f ield-mapping measurements 
and channel-interaction studies. 

electrode impedances; continued fie Id-mapping aeasurenents 
and channel-interaction studies. 

e 1 ectrode impedances; mu 1 tipu 1 se, ternpora 1 -integration 
experiments, with pulses high-pass filtered at 100 Hz, 
channel 1-2. 

electrode impedances; evoked potential studies using first 
version of Eclipse sampling and averaging software: 
mu1 tipulse, temporal-integration experiments with pulses 
high-pass filtered at 200,  400 and 800 Hz. channel 1-2. 
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